This study uses a multi-year temporal climate analogue approach to explore zoo visitor responses to seasonal climatic anomalies and assess the impacts of projected climate change on zoo visitation in Toronto, Canada. A new method for selecting a representative weather station was introduced which ranks surrounding stations based on "climatic distance" rather than physical distance alone. Two years representing anomalously warm temperature conditions and two years representing climatically normal temperature conditions were identified for each season from within the study period from 1999 to 2015. Two years representing anomalously wet precipitation conditions and two years representing anomalously dry precipitation conditions were also identified. F-tests and t-tests were employed to determine if the apparent differences in zoo visitation between the temperature and precipitation paired groupings were statistically significant. A "selective ensemble" of seasonal Global Climate Model (GCM) output from the Intergovernmental Panel on Climate Change Fifth Assessment Report was used to determine when these anomalous temperature and precipitation conditions may become the norm in the future. When anomalously warm winters and springs occurred within the historical record, total zoo visitation in those seasons increased significantly. Inversely, when anomalously warm summers occurred, total summer season zoo visitation decreased significantly. Temperature anomalies in the autumn season did not result in any significant differences in total autumn season zoo visitation. Finally, apart from in the spring season, there were no significant differences in total zoo visitation between anomalously wet and dry seasons.
Introduction
For decades, it has been acknowledged [1] [2] [3] , and is now generally accepted [4, 5] , that weather and climate affect behaviour and satisfaction associated with outdoor recreation and tourism. Nonetheless, the relationship between weather with recreation and tourism is poorly understood and under-researched [6] [7] [8] . More specifically, very little is known about the specific weather sensitivity of particular tourism attractions within urban areas [9] [10] [11] [12] .
Zoological parks serve as excellent case studies in the field of tourism climatology because zoos can provide accurate records of visitor attendance data over time since they must account for all visitors on their property for financial and liability reasons [13] . Recently, there has been a number of studies aimed at assessing the weather sensitivity of zoo visitation [9, [11] [12] [13] . However, no study to of the year and the pattern of school and bank holidays. However, there was evidence that visits were redistributed over short periods of time in accordance with the weather [9] . The results suggested that visitors who may have been frustrated by rainy weather one day; turn up later when the weather improves [9] . Furthermore, the authors suggested that although warmer temperatures encourage visits, this relationship was only maintained up to a threshold level of approximately 21˝C. Finally, this preliminary study found no evidence of a long-run shift in behaviour due to climate trends; but rather, just an immediate response to each day's weather [9] . In conclusion, Aylen et al. [9] essentially dismissed any considerable seasonal or annual impacts of projected climate change on zoo visitation.
Perkins [13] tested the applicability of the spatial synoptic classification (SSC) as a tool to predict visitor attendance response in the tourism, recreation, and leisure (TRL) sector across different climate regimes, based on a case study using 10 years of daily attendance data from two different zoological parks in Atlanta and Indianapolis, USA. Daily attendance data was paired with the prevailing synoptic weather conditions to assess the potential impacts that ambient atmospheric conditions had on visitor attendance [13] . The results indicated that dry moderate conditions were most associated with high levels of attendance and "moist polar" synoptic conditions were most associated with low levels of attendance at both zoological parks [13] . However, the author concluded that visitors in Indianapolis showed lower levels of tolerance to synoptic conditions which were not "ideal"; being more averse to "polar" synoptic regimes and less tolerant to "moist tropical" synoptic regimes. Although optimal conditions for zoo visitation may be generalizable across different geographic locations with varying climatic conditions; visitor perception of, and response to, unfavourable weather conditions seem to vary between different case studies.
Perkins and Debbage [11] focused on ambient thermal environments and visitor behaviour at zoological parks in Phoenix and Atlanta, USA. The authors analysed 10 years of daily zoo visitation in concert with daily weather data to establish the Physiologically Equivalent Temperature (PET) and measure the thermal conditions most likely experienced by zoo visitors. The results suggested that although optimal thermal conditions associated with both zoos appeared to be the same ("slightly warm" or "warm", based on PET thermal categories); thermal aversion occurred on opposite sides of the spectrum, with visitors in Atlanta avoiding extreme cold and those in Phoenix adverse to extreme heat [11] . This study has important geographic implications for the weather sensitivity and thermal thresholds associated with zoo visitation; nonetheless, the authors called for further research focusing on zoological parks in cooler climates than that which is characteristic of Atlanta.
Hewer and Gough [12] used 15 years of daily weather and attendance data to create predictive regression models in an effort to determine the seasonal weather sensitivity of visitation to a zoological park in Toronto, Canada. The results suggested that shoulder season months (spring and fall) were most weather sensitive, followed by off-season months (winter) and then peak-season months (summer). Furthermore, the authors also identified weather-related behavioural thresholds for zoo visitation. During the shoulder season, temperatures exceeding 26˝C were indicative of a critical temperature threshold, causing attendance levels to decline. In the peak season, visitors were more tolerable of extreme heat and attendance levels did not decline until temperatures exceeded 29˝C [12] . For precipitation, average daily attendance levels declined by approximately 50% when only trace amounts of precipitation was recorded on a given day (0.2 to 2.0 mm). Interestingly, there was very little additional decline in attendance as the volume of total daily precipitation increased beyond 2 mm, including days that recorded more than 60 mm of total precipitation [12] . The authors concluded that maximum temperature was the most influential weather variable during the off and shoulder seasons; however, total precipitation was the most influential weather variable in the peak season.
The first formal climate change impact assessment on zoo visitation was conducted by Hewer and Gough [27] , using a modelling approach to predict seasonal and annual impacts of projected climate change, based on regression equations derived from the statistical relationship between daily weather and zoo attendance. In regard to annual impacts, the modelling results suggested that visitation is likely to increase by 8% as early as the 2020s (2011 to 2040), by 14%-17% in the 2050s (2041-2070), and by 18%-34% in the 2080s (2071-2100); the range of impacts are dependent upon low and high emissions scenarios and their associated degrees of warming. In regard to the impacts on seasonality, the authors concluded that the off-season would experience minor increases in attendance, while the majority of increases would be experienced during the shoulder seasons. However, increased warming under projected climate change was predicted to have a negative effect on peak season visitation, especially if warming exceeds 3˝C during the summer months [27] . The current study aims to compare the results of the modelling approach and the analogue approach to assessing the impact of projected climate change on zoo visitation in Toronto.
Methods

Data
The Toronto Zoo ( Figure 1 ) supplied quantitative data describing the total number of daily zoo visitors from January 1999 to December 2015. Unfortunately, the supplied data did not distinguish between different types of visitors (individuals, couples, families, organized groups, season pass holders); nor did the data set provide any qualifying information such as distance travelled to reach the zoo (local residents, domestic tourists, international tourists) or any demographic information such as age or gender. Furthermore, the data set did not indicate the timing of visitation on a particular day (not being measured on an hourly time scale). Finally, the visitation record associated with a zoological park is certainly dynamic in nature, as it is frequently affected by internal and external factors such as the arrival of new animal attractions, the opening of new zoo exhibits as well as prevailing social and economic conditions. More detailed discussion of the way these factors affect the zoo visitation record by introducing new dynamics into the time series data, as well as how they were controlled for within this study, emerge throughout this paper. Nonetheless, 17 years of daily zoo visitation data provided a rich historical record from which to conduct a meaningful analysis concerning the impact of seasonal climatic anomalies on zoo visitation in Toronto, Ontario (Canada). and high emissions scenarios and their associated degrees of warming. In regard to the impacts on seasonality, the authors concluded that the off-season would experience minor increases in attendance, while the majority of increases would be experienced during the shoulder seasons. However, increased warming under projected climate change was predicted to have a negative effect on peak season visitation, especially if warming exceeds 3 °C during the summer months [27] .
The current study aims to compare the results of the modelling approach and the analogue approach to assessing the impact of projected climate change on zoo visitation in Toronto.
Methods
Data
The Toronto Zoo ( Figure 1 ) supplied quantitative data describing the total number of daily zoo visitors from January 1999 to December 2015. Unfortunately, the supplied data did not distinguish between different types of visitors (individuals, couples, families, organized groups, season pass holders); nor did the data set provide any qualifying information such as distance travelled to reach the zoo (local residents, domestic tourists, international tourists) or any demographic information such as age or gender. Furthermore, the data set did not indicate the timing of visitation on a particular day (not being measured on an hourly time scale). Finally, the visitation record associated with a zoological park is certainly dynamic in nature, as it is frequently affected by internal and external factors such as the arrival of new animal attractions, the opening of new zoo exhibits as well as prevailing social and economic conditions. More detailed discussion of the way these factors affect the zoo visitation record by introducing new dynamics into the time series data, as well as how they were controlled for within this study, emerge throughout this paper. Nonetheless, 17 years of daily zoo visitation data provided a rich historical record from which to conduct a meaningful analysis concerning the impact of seasonal climatic anomalies on zoo visitation in Toronto, Ontario (Canada). Typically, for studies in tourism climatology and climate change impact assessments for tourism, weather data is obtained from the closest meteorological station in proximity to the tourism attraction [12, 27, 33, 34] . However, previous tourism climatology studies and climate change impact assessments for tourism have been criticised for using climate data from weather stations which are located a considerable distance from the attraction itself, due to the presence of microclimates Typically, for studies in tourism climatology and climate change impact assessments for tourism, weather data is obtained from the closest meteorological station in proximity to the tourism attraction [12, 27, 33, 34] . However, previous tourism climatology studies and climate change impact assessments for tourism have been criticised for using climate data from weather stations which are located a considerable distance from the attraction itself, due to the presence of microclimates associated with many tourism destinations [35, 36] . The current study was positioned to introduce a new method for selecting the most representative weather station since there was daily meteorological data recorded by a former Environment Canada weather station at the study site itself, for the period from January 1977 to December 1992. Based on the map coordinates for the Metro Zoo station (43˝49 1 N, 79˝11 1 W) provided by Environment Canada, this station was situated in the south east area of the current Toronto Zoo property. The current study required daily weather data from 1981 to 2010 to establish the baseline climate conditions for the region, as well as daily weather data from 1999 to 2015 to assess the impact of seasonal climatic anomalies on zoo visitation. Rather than selecting a weather station based on physical distance alone, this study ranked the five closest weather stations in proximity to the Toronto Zoo (Figure 1 ), based on their ability to represent average monthly climate conditions recorded at the Metro Zoo station from 1977 to 1992. Daily weather data was available for each of the test stations from 1977 to 1992, except for the Buttonville A weather station, which only had data from 1987 to 1992.
In order to establish the climatic distance (Cdist) for each weather variable (W i ) considered (maximum temperature and total precipitation) the average monthly value for the test station was subtracted from the average value measured at the zoo (W z ) and then the difference was squared. Once this had been completed for each month from 1977 to 1992, the mean value was then taken, Σ, and divided by the standard deviation squared, δ 2 , of the average monthly values for the selected weather variable that was measured at the zoo. Finally, the square root of this resulting value was calculated to determine the Cdist (1) between each test station and the zoo for both maximum temperature (Tmax) and total precipitation (Ptot).
Cdist
In theory, if all the weather measurements recorded at the zoo were identical to those recorded at a particular test station, the resulting value derived from the Cdist formula would be zero. Therefore, stations that recorded resulting values for Cdist closest to zero were determined to have weather conditions most similar to those recorded at the zoo station. The Cdist value was then used to rank the different weather stations for both climatic variables of interest in this study (Table 1) . Next, the mean rank for each station was determined by averaging the numerical rank each station received in relation to both Cdist values. It is interesting to note that the weather station which recorded average monthly Tmax and average monthly Ptot values most similar to those recorded at the zoo itself was the station located farthest from the zoo in relation to the other four test stations. The Toronto Lester B. Pearson International Airport (Pearson A) weather station recorded the closest Cdist for Tmax and the second closest Cdist for Ptot, resulting is the lowest mean rank (1.5). Although the Pearson A weather station was farthest from the zoo in regard to physical distance (37.8 km), it was the station that shared the most similar elevation with the zoo (being situated only 30.1 m higher); whereas, the closest weather station (Buttonville A, 15.3 km away), was situated 54.8 m higher than the zoo station. Apart from physical distance and elevation, other environmental features which are characteristic of the climate in this region, such as the urban heat island and lake breeze effects [37, 38] , likely influenced the ability of these different weather stations to represent the atmospheric conditions recorded at the zoo. However, there is a wide selection of GCMs available to provide projections of future climate change, 40 in total from the most recent assessment. Furthermore, each of the 40 modelling centres provide future projections for the four different Representative Concentration Pathways (RCPs), which describe how Green House Gas (GHG) concentrations could evolve over the next 100 years and thereby influence global climate. There are many approaches that have been developed in order to provide some direction for determining which of the future projections of climate available for impact assessments should be used in planning [39] . Compared against historical observed gridded data, climate projections using the ensemble approach have been shown to come closest to replicating the historical climate [40] . This approach suggests that it is best to plan for the average climate change from all the climate model projections by using a mean of all the models to reduce the uncertainty associated with any individual model [27] . In effect, the individual model biases seem to offset one another when considered together.
It is generally accepted that climate models can be evaluated based on their ability to reproduce baseline conditions [41] . However, some climate models perform better in certain regions than they do in others. For this reason, it is unreasonable to create a "full" ensemble including all of the available GCMs when it is evident that some models are unable to reproduce past climate for the study region. Based on this logic, it is more appropriate to evaluate each model individually, based on its ability to reproduce past climate, and then rank and select the best three models to create a "selective" ensemble from these top performing models [27] . Greater detail pertaining to the process of ranking and selecting GCMs for climate change impact assessment, including the use of the Gough-Fenech Confidence Index and the creation of selective ensembles is available elsewhere [27] . Table 2 presents a selective ensemble of seasonal GCM output for Tmax and totP at Pearson A from 2011 to 2100 under RCP4.5 and RCP8.5. As described by the IPCC [41] , RCP4.5 represents a low radiative forcing, stabilization scenario; while RCP8.5 represents a high radiative forcing, increased emissions scenario. 
Analysis
Seasonal climatic anomalies were identified by first determining the seasonal climate normals (30 year averages), for both daily maximum temperature (Tmax) and daily total precipitation (totP) at Pearson A weather station from 1981 to 2010. Once the climate normals were determined for each season, it was then possible to identify which years (if any) recorded anomalously warm or wet winters, springs, summers, and autumns. Previous climate change impact assessments for tourism [23] [24] [25] which have applied similar methodological approaches (temporal climate analogues), relied on only one season or year for their analysis. This limitation of previous research is subject to potential bias from unidentified non-climatic factors that may have either increased or decreased tourism participation in that same season/year, but the results were attributed to the anomalous climate conditions nonetheless. Using the rich historical record of daily visitation data supplied by the Toronto Zoo, the current study was able to identify two climatic anomalies for each season from which to base conclusions upon; thereby reducing the potential effect that non-climatic factors occurring in a given year may have had on the reported results. Therefore, for each season, the two years which recorded the warmest temperatures (from 1999 to 2015), along with the two years that recorded temperature closest to the seasonal average (relative to the 1981 to 2010 baseline), as well as the two years that recorded the coolest temperatures were all identified. Furthermore, for each season, the two years which recorded the greatest volume of total precipitation (the two wettest seasons), along with the two years that recorded the lowest volume of total precipitation (the two driest seasons), were also identified.
The analysis was conducted individually for each season and the same methods were repeated therein. To begin, daily zoo visitation data was aggregated to seasonal averages to assess the impact of seasonal climatic anomalies using the standard climatic interpretation of seasons in the region: Winter (December, January, February); Spring (March, April, May); Summer (June, July, August); and Autumn (September, October, November). The total number of annual zoo visitors within a particular season was then graphed over time. In order to explore the stationarity of total seasonal zoo visitation over time, the equation for the slope of the linear trend line was determined and a simple linear regression analysis was conducted. This determined whether total seasonal visitation had been increasing/decreasing over time, and whether the observed trend was statistically significant; which guided the selection of climate analogues and climate normals. If there was not a statistically significant trend associated with total annual zoo visitation in a given season, then there was no need to defer from selecting a climatically anomalous or normal year that occurred near the beginning or end of the data set. However, if the linear trend was found to be statistically significant then it would be beneficial to avoid years near the beginning or end of the data set since they may have been negatively or positively influenced by the slope of the linear trend line. The identified seasonal climatic anomalies and climate normals were then specified on each graph to create a visual demonstration of the effect these seasonal occurrences may have had on total visitation that year.
In order to assist in the interpretation of results associated with the impact of seasonal climatic anomalies on zoo visitation in Toronto, qualitative information on important non-climatic variables was obtained from the zoo's official website [42] . Table 3 This information helped to understand the over-riding effect certain internal (special animal attractions, new exhibits) or external (disease, recession, competing events) factors may have had on seasonal zoo visitation during a given year, regardless of the prevailing climatic conditions. These non-climatic factors were then specified on the same graph that illustrated the annual fluctuations in total zoo visitation, as well as the climatic anomalies and climate normals, within a given season. This created a useful visual cross-reference to check what other factors may have been involved in a particular year that seasonal visitation was either high or low due to a particular climatic anomaly.
Once the effects of the climatic anomalies within a particular season were visually observed within the graphs, a series of statistical tests were employed to determine if the observed differences were statistically significant. For temperature, the daily data from the two years that represented the climatic anomalies were tested against the daily data from the two years that represented climate normals to see if there were significant differences between the variances and means of the two groups (using F-tests and t-tests, respectively). For precipitation, daily data from the two years representing the wettest seasons was test against the two years representing the driest seasons; again, using F-tests and t-tests to see if there were significant differences between the variances and means of the two groups, respectively.
Finally, the impact of projected climate change on zoo visitation was assessed using a temporal climate analogue approach. In this regard, the climatic anomalies recorded in each season were cross-referenced against the climate change projections for the span of the 21st century in this region, based on the selective ensemble of seasonal GCM outputs. It was then possible to provide predictions concerning when these climatic anomalies may potentially become climate normals in the future, under projected climate change. It has been suggested by Scott et al. [26] and Gössling et al. [32] that this approach is a useful tool for climate change impact assessment since it captures both supply and demand side adaptation to anomalous climatic conditions. 
Results
In regard to the presence of confounding non-climatic factors, there were no special animal attractions or new zoo exhibits which would have been likely to explain the unusually high number of zoo visitors during the anomalously warm winters of 2006 and 2012. Furthermore, there were not any known external factors which would have been likely to reduce total visitation during the winters that recorded seasonal temperatures (2011, 2013) . In regard to total precipitation, there did not seem to be any internal confounding factors during the anomalously wet or dry winter seasons. However, the wet winter of 2008 was concurrent with the global financial crisis which seems to have a positive effect on zoo visitation that year and the dry winter of 2015 was concurrent with the Pan Am Games in Toronto which seemed to have a negative effect on zoo visitation that year. Nonetheless, it unlikely that the influence of these non-climatic factors which occurred in only one of the two years for both the wet and dry anomalous year groupings skewed the results dramatically, especially since the Pan Am Games was a summer event and may not have had much impact on winter season visitation that year.
In regard to the presence of confounding non-climatic factors, there were no special animal attractions or new zoo exhibits which would have been likely to explain the unusually high number of zoo visitors during the anomalously warm springs of 2010 and 2012. Furthermore, there were not any known external factors which would have been likely to reduce total visitation during the springs that recorded seasonal temperatures (2004, 2008) . In regard to total precipitation, the anomalously wet spring season of 2003 was also the second coolest spring recorded between 1999 and 2015. Furthermore, this season was also concurrent with the SARS crisis in Toronto, which had a negative impact on zoo visitation that year. These two confounding variables were likely to exaggerate the impact that the anomalously wet season had of total spring zoo visitation. However, it is unlikely that their presence would negate the results altogether, especially since the anomalously wet spring of 2011 caused similar effects when no other confounding factors appeared to be present. Furthermore, the anomalously dry season of 2012 was also the warmest spring season recorded between 1999 and 2015. This would have likely exaggerated the impact of the anomalously dry season on total spring zoo visitation. Nonetheless, it is again unlikely that this occurrence would negate the findings altogether, especially since a similar effect was observed during the anomalously dry spring of 1999, when no other factors seemed to be present.
Winter
The winter season included the months of December, January, and February. Although there was a positive slope in linear trend line for total zoo visitation over time in the winter season (Figure 2) , the results of a simple linear regression analysis suggested that this trend was not statistically significant (R 2 = 0.033, p = 0.484). Therefore, there should not be any issues with selecting years to represent seasonal climatic anomalies or climate normals from either end of the study period. any known external factors which would have been likely to reduce total visitation during the springs that recorded seasonal temperatures (2004, 2008) . In regard to total precipitation, the anomalously wet spring season of 2003 was also the second coolest spring recorded between 1999 and 2015. Furthermore, this season was also concurrent with the SARS crisis in Toronto, which had a negative impact on zoo visitation that year. These two confounding variables were likely to exaggerate the impact that the anomalously wet season had of total spring zoo visitation. However, it is unlikely that their presence would negate the results altogether, especially since the anomalously wet spring of 2011 caused similar effects when no other confounding factors appeared to be present. Furthermore, the anomalously dry season of 2012 was also the warmest spring season recorded between 1999 and 2015. This would have likely exaggerated the impact of the anomalously dry season on total spring zoo visitation. Nonetheless, it is again unlikely that this occurrence would negate the findings altogether, especially since a similar effect was observed during the anomalously dry spring of 1999, when no other factors seemed to be present.
The winter season included the months of December, January, and February. Although there was a positive slope in linear trend line for total zoo visitation over time in the winter season (Figure 2) , the results of a simple linear regression analysis suggested that this trend was not statistically significant (R 2 = 0.033, p = 0.484). Therefore, there should not be any issues with selecting years to represent seasonal climatic anomalies or climate normals from either end of the study period. (Table 2) . However, even when anomalously wet winters occurred (+44%, +70%) that far exceeded the increases in precipitation projected under climate change, no statistically significant differences in total winter season zoo visitation were reported, even compared to the driest winters between 1999 to 2015. Although there is some uncertainly pertaining to when winters in this region will experience an average warming of 3˝C, it is very likely that winter season zoo visitation will continue to increase considerably, under projected climate change.
Spring
The spring season included the months of March, April, and May. Although there was once again a positive slope in linear trend line for total zoo visitation over time in the spring season (Figure 3) , the results of a simple linear regression analysis suggested that this trend was not statistically significant (R 2 = 0.124, p = 0.165). Therefore, there should not be any issues with selecting years to represent seasonal climatic anomalies or climate normals from either end of the study period. respectively, when compared to the seasonal baseline average. An F-test to determine if there were differences in the variances between total daily zoo visitation during anomalously warm springs compared to climatically normal springs revealed statistically significant results (n = 184, F = 2.405, p < 0.001). A t-test assuming unequal variances to determine if there were differences in the means for total daily zoo visitation between these two groups also revealed statistically significant results (n = 184, t = 3.531, p < 0.001). A t-test assuming unequal variances, used to determine if there were differences in the means for total daily zoo visitation between these two groups, also revealed statistically significant results (n = 184, t = −2.993, p = 0.001).
The anomalously warm springs recorded in 2010 and 2012 were found to have a statistically significant impact on total zoo visitation during those two spring seasons, when compared to total zoo visitation during the climatically normal winter seasons of 2004 and 2008. On average, daily maximum temperatures during the spring seasons of 2010 and 2012 were 3.9 °C warmer than baseline spring temperatures. Total spring season zoo visitation increased by 46% when comparing the anomalously warm years with the climatic normal years (more than 114,000 additional visitors each spring season, on average). Based on the selective ensemble of seasonal climate change projections for this region (Table 1) , the anomalous warm springs of 2010 and 2012 are expected to become the climatic normals as early as the 2050s (2041-2070) under RCP8.5 and by the 2080s (2071-2100) under RCP4.5. Total precipitation in the spring season is projected to increase over the course of the 21st century from an additional 5% in the 2020s to as much as 30% in the 2080s ( Table 2) . The results of this study suggest that when anomalously wet spring seasons did occur, total zoo visitation was significantly lower compared to anomalously dry spring seasons. However, the anomalously wet seasons tested were associated with increases in precipitation (+42%, +43%) that far exceed those projected under climate change over the course of the 21st century for this region. In summary, spring season zoo visitation is likely to increase under projected climate change due to rising temperatures, despite potential decreases due to increased precipitation.
Summer
The summer season included the months of June, July, and August. Once again, a positive slope was observed in the linear trend line for total zoo visitation over time in the summer season ( Figure 4) ; however, the results of a simple linear regression analysis suggested that this trend was not . An F-test to determine if there were differences in the variances between total daily zoo visitation during anomalously wet springs compared to anomalously dry springs revealed statistically significant results (n = 184, F = 0.648, p = 0.001). A t-test assuming unequal variances, used to determine if there were differences in the means for total daily zoo visitation between these two groups, also revealed statistically significant results (n = 184, t =´2.993, p = 0.001).
The anomalously warm springs recorded in 2010 and 2012 were found to have a statistically significant impact on total zoo visitation during those two spring seasons, when compared to total zoo visitation during the climatically normal winter seasons of 2004 and 2008. On average, daily maximum temperatures during the spring seasons of 2010 and 2012 were 3.9˝C warmer than baseline spring temperatures. Total spring season zoo visitation increased by 46% when comparing the anomalously warm years with the climatic normal years (more than 114,000 additional visitors each spring season, on average). Based on the selective ensemble of seasonal climate change projections for this region (Table 1) , the anomalous warm springs of 2010 and 2012 are expected to become the climatic normals as early as the 2050s (2041-2070) under RCP8.5 and by the 2080s (2071-2100) under RCP4.5. Total precipitation in the spring season is projected to increase over the course of the 21st century from an additional 5% in the 2020s to as much as 30% in the 2080s ( Table 2 ). The results of this study suggest that when anomalously wet spring seasons did occur, total zoo visitation was significantly lower compared to anomalously dry spring seasons. However, the anomalously wet seasons tested were associated with increases in precipitation (+42%, +43%) that far exceed those projected under climate change over the course of the 21st century for this region. In summary, spring season zoo visitation is likely to increase under projected climate change due to rising temperatures, despite potential decreases due to increased precipitation.
The summer season included the months of June, July, and August. Once again, a positive slope was observed in the linear trend line for total zoo visitation over time in the summer season ( Figure 4) ; however, the results of a simple linear regression analysis suggested that this trend was not statistically significant (R 2 = 0.047, p = 0.403). Therefore, there should not be any issues with selecting years to represent seasonal climatic anomalies or climate normals from either end of the study period. statistically significant (R 2 = 0.047, p = 0.403). Therefore, there should not be any issues with selecting years to represent seasonal climatic anomalies or climate normals from either end of the study period. [43] . An F-test to determine if there were differences in the variances between total daily zoo visitation during anomalously warm summers compared to climatically normal summers revealed statistically significant results (n = 184, F = 0.759, p = 0.031). A t-test assuming unequal variances, used to determine if there were differences in the means for total daily zoo visitation between these two groups, also revealed statistically significant results (n = 184, t = −2.861, p = 0.002).
Anomalously wet or dry summers did not appear to have an impact on total zoo visitation in a particular year (Figure 4 [43] . An F-test to determine if there were differences in the variances between total daily zoo visitation during anomalously warm summers compared to climatically normal summers revealed statistically significant results (n = 184, F = 0.759, p = 0.031). A t-test assuming unequal variances, used to determine if there were differences in the means for total daily zoo visitation between these two groups, also revealed statistically significant results (n = 184, t =´2.861, p = 0.002).
Anomalously wet or dry summers did not appear to have an impact on total zoo visitation in a particular year (Figure 4) . The summer of 2013 recorded the second greatest volume of total precipitation between 1999 and 2015, with 56 percent more total precipitation than the seasonal average from 1981 to 2010 (224.71 m). However, the summer of 2013 was not selected to represent an anomalously wet summer season due to the potentially confounding influence that the presence of the two giant pandas may have had on results of this analysis. Instead, the summers of 2008 and 2010 were chosen, which recorded 76 and 51 percent more total precipitation than the seasonal baseline average. Inversely, the summers of 2001 and 2007 recorded 42 and 50 percent less total precipitation than the seasonal average from 1981 to 2010. Despite the presence of both anomalously wet and dry summer seasons within the study period from 1999 to 2015, the results of both an F-test (F = 1.239, p = 0.074) and t-test (t =´0.908, p = 0.182) did not indicate any statistically significant differences between either the variances or means of these two groups, respectively.
In regard to the presence of confounding non-climatic factors, there were known external factors which would have been likely to explain the below average number of zoo visitors during the anomalously warm summers of 2005 and 2012. Furthermore, there were not special animal attractions or new zoo exhibits which would have been likely to increase total visitation during the summers that recorded seasonal temperatures (2008, 2014) . In regard to total precipitation, there did not appear to be any major confounding factors which would have considerably influenced the results. The anomalously wet year of 2008 was concurrent with the global financial crisis which seemed to have a positive impact on zoo visitation that year; whereas, the anomalously dry summer of 2007 was concurrent with the opening of the new Dinosaurs Alive exhibit which seemed to have a positive impact of zoo visitation that year. Nonetheless, it is unlikely the presence of these two factors during only one of the two years making up the groupings selected to represent anomalously wet and dry summer seasons was enough to produce a false negative in terms of the finding that there was no significant differences in the variances or means for total daily zoo visitation between these two groups.
The (Table 2) . However, even when anomalously dry summers did occur (´42%,´50%), which far exceeded the decreases in precipitation projected under climate change, no statistically significant differences in total summer season zoo visitation were reported, even compared to the wettest summer between 1999 and 2015. It is very likely that average maximum temperatures in this region during the summer season will experience a warming of more than 2˝C by the mid-21st century. The results of this study suggest that this will likely have a negative impact of zoo attendance during this season.
Autumn
The autumn season included the months of September, October, and November. Figure 5 indicates that there was a positive slope in linear trend line for total zoo visitation over time in the autumn season and the results of a simple linear regression analysis suggests that this trend is statistically significant (R 2 = 0.396, p = 0.007). Therefore, there may be issues with selecting years to represent seasonal climatic anomalies or climate normals from either end of the study period. To such a degree that autumn seasons near the beginning of the study period may be associated with lower than average total visitation; whereas, autumn seasons near the end of the study period may be associated with higher than average visitation levels. Figure 5 illustrates that there were four years in particular when total zoo visitation was noticeably higher than the linear trend during the autumn season (2007, 2009, 2011, 2013) . Unlike the other three seasons already considered, these spikes in total visitation over time do not correlate directly with the warmest seasons within the study period. Instead, they seem to be directly related to non-climatic factors primarily internal to zoo operations and management involving special animal attractions and new exhibits (Dinosaurs Alive in 2007; Tundra Trek in 2009; African penguins in 2011; Giant pandas in 2013). Howbeit, the autumns of 2007 and 2015 were the warmest autumns to occur from 1999 to 2015, both of which recorded average maximum temperatures more than 2˝C warmer than average seasonal baseline temperatures. Whereas, the autumns of 2012 and 2014 recorded average temperatures that were closest to the seasonal baseline average and therefore represent climatically normal seasons. An F-test to determine if there were differences in the variances between total daily zoo visitation during anomalously warm autumns compared to climatically normal autumns did not reveal statistically significant results (n = 181, F = 1.122, p = 0.220). A t-test assuming equal variances to determine if there were differences in the means for total daily zoo visitation between anomalously warm autumns and climatically normal autumns did not produce statistically significant results either (n = 181, t = 0.870, p = 0.192).
Atmosphere 2016, 7, 71 14 of 20 warmer than average seasonal baseline temperatures. Whereas, the autumns of 2012 and 2014 recorded average temperatures that were closest to the seasonal baseline average and therefore represent climatically normal seasons. An F-test to determine if there were differences in the variances between total daily zoo visitation during anomalously warm autumns compared to climatically normal autumns did not reveal statistically significant results (n = 181, F = 1.122, p = 0.220). A t-test assuming equal variances to determine if there were differences in the means for total daily zoo visitation between anomalously warm autumns and climatically normal autumns did not produce statistically significant results either (n = 181, t = 0.870, p = 0.192). As mentioned earlier, there were apparently a number of non-climatic variables that seemed to exercise considerable influence over total zoo visitation during the autumn season that may have confounded the results. To begin, the anomalously warm autumn of 2007 was concurrent with the new Dinosaurs Alive exhibit which seemed to positively impact total zoo visitation that year. Inversely, the anomalously warm autumn of 2015 was concurrent with the Pan Am Games which were during July in Toronto and seemed to negatively impact total zoo visitation that year, possibly having lingering effects on zoo visitation during the autumn season. Furthermore, the anomalously wet autumn of 2011 was concurrent with the new African penguin exhibit which may have positively impacted zoo visitation that season. Additionally, the anomalously dry autumn of 2009 was concurrent with the new Tundra Trek exhibit which seemed to positively impact total zoo Anomalously wet or dry autumns did not appear to have an impact on total zoo visitation during that season in a particular year either. The autumn season of 2003 recorded the greatest volume of total precipitation from 1999 to 2015, with 47% more total precipitation than the seasonal baseline average (208 mm). However, this season was concurrent with the SARS crisis in Toronto and was also near the beginning of the study period which demonstrated a positive linear trend. Both of these factors may have caused total autumn zoo visitation to be lower than usual regardless of the anomalously wet season. In response, the autumns of 2004 and 2009 were selected to represent anomalously wet seasons, recording 45 and 30 percent more total precipitation respectively, compared to the seasonal baseline average. Whereas, the winters of 2010 and 2015 recorded 49 and 31 percent less total precipitation than the seasonal average from 1981 to 2010. Despite the presence of both anomalously wet and dry autumn seasons within the study period from 1999 to 2015, the results of both an F-test (F = 0.998, p = 0.494) and t-test (t =´0.380, p = 0.352) did not indicate any statistically significant differences between either the variances or means of these two groups, respectively.
As mentioned earlier, there were apparently a number of non-climatic variables that seemed to exercise considerable influence over total zoo visitation during the autumn season that may have confounded the results. To begin, the anomalously warm autumn of 2007 was concurrent with the new Dinosaurs Alive exhibit which seemed to positively impact total zoo visitation that year. Inversely, the anomalously warm autumn of 2015 was concurrent with the Pan Am Games which were during July in Toronto and seemed to negatively impact total zoo visitation that year, possibly having lingering effects on zoo visitation during the autumn season. Furthermore, the anomalously wet autumn of 2011 was concurrent with the new African penguin exhibit which may have positively impacted zoo visitation that season. Additionally, the anomalously dry autumn of 2009 was concurrent with the new Tundra Trek exhibit which seemed to positively impact total zoo visitation that year. The full extent to which these confounding factors influenced the results cannot be determined, but it is possible that the positive impact associated with Dinosaurs Alive in the warm 2007 season was offset by the negative impact of the Pan Am Games in the 2015 season, when the two seasons were averaged. Furthermore, the positive impact associated with the African penguins in the wet 2011 season may have been offset by the positive influence of the Tundra Trek in the dry 2009 season, when the two groups were compared. Regardless, these findings suggest that the autumn season was least sensitive to climatic anomalies as the results did not record any statistically significant differences between anomalously warm or climatically normal seasons, nor between anomalously wet or dry seasons, in regard to total autumn season zoo visitation.
On average, daily maximum temperatures during the autumn seasons of 2007 and 2015 were 2.2˝C warmer than baseline autumn temperatures in this region. Total autumn season zoo visitation increased by 10% when comparing the anomalously warm years with the climatic normal years (just over 21,000 additional visitors each autumn season, on average). Based on the selective ensemble of seasonal climate change projections for this region (Table 1) , the anomalous warm autumns of 2007 and 2015 are expected to become the climatic normals as by the early 2050s (2041-2070) under RCP8.5 and by the late 2050s RCP4.5. It is possible that further warming under projected climate change during the autumn season may result in increased zoo visitation, but the results of this study were inconclusive in this regard due to a lack of statistically significant differences being reported between the two groups. There remains a lot of uncertainty in the climate change projections for total precipitation during the autumn season for this region, reporting both slight increases and decreases across the course of the 21st century, depending on the RCP (Table 2) . Regardless, even when anomalously wet autumns occurred (+45%, +30%), which far exceeded the increases in precipitation projected under climate change, no statistically significant differences in total autumn season zoo visitation were reported, although compared to the driest winters between 1999 to 2015. The results of this study suggest that the positive impacts of projected climate change on zoo visitation, as suggested in the modeling approach by Hewer & Gough [27] are less likely to be realised during the autumn season, as this season seems least sensitive to climatic anomalies.
Discussion and Conclusions
The findings of this study confirmed the expectations of Dwyer [14] and Smith [15] that when anomalously warm winters occurred within the observational record from 1999 to 2015, the total number of zoo visitors increased significantly as a result. Likewise, when anomalously warm summers occurred, the total number of zoo visitors decreased significantly. However, the comments of both Dwyer [14] and Smith [15] seem to relate more to seasonal thermal extremes experienced in the winter and summer months without any discussion of how these relationships may be altered in the transitioning seasons of the spring and autumn. The results of the current study provide some insights into this query, showing that visitation during the spring season responded similarly to that of the winter season; whereas, visitation in the autumn season was unique in its apparent lack of sensitivity to seasonal climatic anomalies. A possible explanation is trajectory [12] . Autumn is a season that is cooler than its antecedent; whereas, spring is warmer than its antecedent. Therefore, spring "seems" warmer than autumn and thus, may be perceived as more attractive to zoo visitors. This has important implications for previous modelling studies which have grouped both shoulder seasons together in an effort to increase sample size and statistical power [12, 27] .
The results of this study do not agree with the suggestion made by Aylen et al. [9] that climate change is unlikely to have considerable seasonal or annual impacts on zoo visitation. When anomalously warm winters and springs were recorded in the study region, total zoo visitation increased significantly during those seasons. Inversely, when anomalously warm summers occurred, total summer season zoo visitation decreased significantly. This is indicative of the type of demand response that can be expected from zoo visitors and managers alike, if these conditions were to become the norm under projected climate change. Nonetheless, conclusions on the implications of climate change for tourism demand must be drawn with caution; since extreme events are likely to have different effects on tourist behaviour than longer-term trends like climate change [25] . Howbeit, the divergent conclusions drawn from these two studies may be explained by the geographic context in which they were conducted, as the two different zoos selected as case studies are situated in two considerably different geographic regions with varying climatic characteristics (Manchester, England compared to Toronto, Canada).
Although focused on the same zoological park in Toronto (Canada), direct comparisons between the modelling approach of Hewer & Gough [27] and the analogue approach of the current study was difficult to achieve. Hewer & Gough [27] combined three different seasonal regression models based on the statistical relationship between daily attendance and weather data, in order to assess the impact of projected climate change on zoo visitation. However, the model predictions for daily zoo visitation under projected climate change were reported as annual impacts; whereas, the current study reports the effects of climatic anomalies in relation to seasonal impacts. Nonetheless, Hewer & Gough [27] suggested increases in zoo visitation under projected climate change during the winter months of the off season as well as during the spring and autumn months of the shoulder seasons, with potential decreases in visitation during the summer months of the peak season. The results of the current study support the direction of the impacts in both the winter and summer seasons but caution against the suggestion that visitation in the autumn season will increase at same the rate as visitation in the spring season. When a warming of between 2˝C to 3.5˝C was projected, the modelling approach of Hewer and Gough [27] suggested that total annual zoo visitation would increase by 14% to 17%; which takes into account the positive impacts in the winter, spring, and autumn seasons as well as the negative impacts during the summer season. By averaging the projected warming and associated impacts from the four different seasons in the current analogue approach, when a 2.9˝C increase in annual temperature was experienced, where above average temperatures occurred in all four seasons, total annual zoo visitation increased by 23%. Interestingly, in the context of an urban zoological park, the temporal climate analogue approach projects greater climate change impacts than the modelling approach; this is contrary to that which has been reported in the ski industry context [23] [24] [25] .
Zoo visitation is a unique tourism attraction and recreational activity in comparison to other tourism contexts that have been assessed using the climate analogue approach (i.e. downhill skiing), in that it is significantly and directly impacted by internal management decisions such as special animal attractions and new zoo exhibits. Recognising this, the current study attempted to identify confounding variables associated with these types of internal factors and either avoid selecting climate analogues during those years or at least acknowledge the presence of such factors and the potential influence that may have been exerted on the dependent variable (zoo visitation). The 17 years of data available for this study enabled some flexibility in the selection of seasons to represent normal climatic conditions. At times, less normal seasons were chosen in order to avoid the presence of potentially confounding variables (most notably, the opening of the Dinosaurs Alive exhibit in May of 2007 and the arrival of the giant pandas in March of 2013). The current analysis was fortunate enough to be able to identify two years between 1999 and 2015 for each season to represent anomalously warm, wet, and dry conditions. However, due to the limited occurrence of such seasonal climatic anomalies, it was not always possible to avoid certain potentially confounding effects associated with either internal or external factors. For example, the anomalously wet spring of 2003 which was associated with significantly less zoo visitation that season, was also concurrent with the SARS outbreak in Toronto; therefore, the presence of this non-climatic confounding variable may have produced a false positive within the results. Although the average increases in total autumn season zoo visitation during the two anomalously warm autumn seasons of 2007 and 2015 were not found to be statistically significant, these seasonal climatic anomalies were both concurrent with potentially confounding non-climatic factors, Dinosaurs Alive in 2007 and the Pan AM Games in 2015. Nonetheless, a unique aspect of this study's research design should have also helped to control for the effect any confounding variables may have had on the results and subsequent conclusions. Previous studies in tourism climatology using the temporal climate analogue approach have based their conclusions of the effects that one record warm season had on tourism supply and demand [23] [24] [25] . Whereas, the current study uses an average of two seasonal climatic anomalies, through which the potentially confounding effects of any non-climatic variables that may have influenced participation in a given season are reduced.
When dealing with weather and attendance data that has been aggregated to the seasonal time scale, the finding that even extreme changes in the volume of total precipitation had no significant effect on total visitation (apart from during the spring), has important implications for the role of temporal scale for the research design of studies in tourism climatology. For example, when studies analysed daily weather and attendance data, total precipitation was found to be a highly significant predictor variable [9, 12, 27] . These modelling approach studies therefore reported results which were in line with the contentions of de Freitas [42] [43] [44] [45] [46] , emphasising the over-riding effect that the physical component of tourism climate has on visitor satisfaction and behaviour. However, when working with aggregated data, such as monthly, seasonal, or annual averages, the statistical relationship between temperature and participation becomes more emphasised; while other important climatic variables no longer appear significant. This has led some to conclude that temperature is the single most important variable in relation to tourist satisfaction and behaviour [47] [48] [49] [50] [51] . However, the importance of temporal scale in research design and the implications for the influence certain climatic predictor variables may have on tourism demand when analysed at a finer temporal scale should not be overlooked. In this regard, future research examining the impact of extreme weather events on daily zoo visitation remains an important area of future research.
Similar to modeling approaches, a limitation of an analogue methodology is the inability to predict future influencing conditions, including technological advances, changing behavioural responses, changing demographics and increasing energy prices for transportation and operations [24] . In addition, analogues are not available to assess the impacts of the upper ranges of projected climate change, since few analogue situations have occurred that are representative of long-range modeled climate futures under high greenhouse gas emissions and subsequent radiative forcing (for example, warming that exceeds 4˝C). Furthermore, even the analogue approach cannot fully capture the adaptive capacity of tourists, especially in relation to human acclimatization to thermal stress [32] . As climate change increases the frequency and occurrence of extreme events (i.e., seasonal climatic anomalies), tourists will gain experience with these kinds of seasons and will likely change their behaviour concerning the timing and activities associated with their recreation and leisure pursuits [25] . Nonetheless, a continuation of strategic research is needed to reevaluate past assessments and fill important knowledge gaps in the field of tourism climatology as well as climate change impacts for tourism, in order to provide accurate and reliable information for governments and businesses involved with and reliant upon the tourism, recreation, and leisure sector.
A number of strategic management recommendations can be formulated from this study. For example, zoo visitors responded positively when temperatures were warmer than usual during the winter and spring seasons. Therefore, zoo managers could capitalize on this visitor tendency by increasing promotional efforts during anomalously warm winters and springs, but should also plan for increased attendance in relation to staffing and activities. As these temperature conditions become more common under projected climate change, this opportunity will present itself more frequently; however, the effect may be diminished as visitors become acclimatized [25, 32] . Reassessments will be required as time goes on to explore these changes in the physical environment as well as the dynamic relationship between zoo visitation and weather/climate. Finally, zoo visitors responded negatively when temperatures were warmer than usual during the summer season. In this regard, zoo managers should be proactive with efforts to mitigate both the perception and effect of thermal stress on zoo visitors. Providing adaptive measures to help visitors reduce thermal stress such as cool misting stations and cold water fountains are some potential strategies. Furthermore, increasing the promotion of the zoo's water park and splash pad as well as other promotions, such as discounted frozen treats or free bottled water, may also be useful strategies to reduce the negative effect of anomalously warm temperatures during the summer season, conditions that are expected to become more common under projected climate change.
